Application Serial No. 10/680,839 

Amendment dated June 17, 2008 

Reply to Office Action of February 25, 2008 

Amendments to the Claims : 

The following listing of elaiins will replace all prior versions, and listings, of claims in 
the application. 

1. (Gurrently Amended) Method for docoding p rdcessinig asignal fv(t)) sent over a 
bandwidth expanding wireless communication channel, comprising tho step of sampling the 
received signal (y(t)) with a sampling frequency (fs) lower than the sampling frequency given by 
the Shannon theorem, but greater than the rate of innovation (p) of said received signal (y(t)), for 
generating a set of sampled values (y(nTs)). 

2. (Currentiy Amended) Method according to claim 1, further comprising tho pmliminory 
step-ef filtering said received signal (y(t)) with a filter (f), 

3. (Original) Method according to claim 2, wheirein said filtef (f) is a lowpass filter. 

4. (Original) Method according to claim 3, wherein said filter (f) is a sine filter. 

5; (Original) Method according to claims, whefem said filter (f) is a Gaussian filter, 

6. (Currently Amended) Method according to etoa-S -claim 1 . w herein said bandwidth 
e xpanding w ireless communication channel comprises is a bandwidth oxp i mding coinmimicatioii 
channel comprising a multipath fading transmission cl^nnel (c). 

7. (Currently Amended) Method according to claim 1 , wherein said bandwidth expanding 
wireless communication chanTiel is a CDMA svate m comprises a CDMA channel 

8. (Currentiy Amended) Method according to olaim 7. claim K w herein said sampling 
fi-equency (1/Ts) is lower tiian the chip rate (1/Tc) of said received signal (y(t)), but greater than 
its information rate (K/Tb). 
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9. (Currently Amended) Method according to oloim 7. c laim 1 , w herein said sent signal 
(y(ty) includes a plurality of training sequences (bicO each encoded with a user specific coding 
sequence (Sk(t)) and transmitted by said users (k), said method further comprising: dio steps of 

computing a set of spectral values (Y[m]): corresponding to said received signal (y(t)) 
from said set of sampled values (y(nTs)), 

recovering spectral values (Sk[ni]) cofrespoiiding to each of said user specific coding 
sequence (sk(t)), 

retrieving the delays (xk^^) and the; amplitude attenuations (ak-^^) induced by said 
commimication channel on said sent sigial (y(t)), from said set of spectral values (Y[m]) 
corresponding to said received signal (y(t)) and from said spectral values (Sk[m]) corresponding 
to each of said user specific coding sequence (Sk(t)). 

10. (Currently Amended) Method according to claim 9^ wherein tho otop of r etrieving said 
delays (Xk^) and said amplitude attenuations (ak®) includes solving a series of oiiCrdimensional 
estitnation problems, the size of each said one-dimensional estimation problem being equal to the 
number of said sampled values :(y(hTs)) generated dwng one symbol duration (Tb)- 

1 1 . (Original) Method according to claim 1 0, wherein said series of one-dimensional 
equation systems is derived from said spectral values (Y[m]) of said received signal (y(t)), said 
spectral yalues (Sk[m]) of each of said user specific coding sequence (Sk(t)) and the value of the 
bits (bk^^) of said training sequences (bkt). 

12. (Currently Amended) Method according to claim 1 1, further comprising: tho ot e po of 
decoding p rocessing a second sent sigoal (y(t)) including a pliu^ity of symbols (bk) ea:ch 

encoded with said user specific coding sequence (Sk(t)) and transmitted by said users (k), 
sampling said second sent signal (y(t)) with a samplmg frequency lower than the 
sampling frequency given by the Shannon theorem, but greater than the rate of innovation (p) of 
said second sent signal (y(t)), for generating a second set of sampled values (y(nTs)). 

1 3. (Currently Amended) Method according to claim 12, further comprising tho stopo of 
running a multiuser detection scheme using said second set of sampled values (y(nTs)) and 
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previously computed said delays (x]^ and smd amplitude attenuations (di)P) for estimating the 
value of the symbol G>k) sent by each said user (k), 

14. (Original) Metiiod^accbrdihg to claim 13, wherein said multiusCT detection sehenie is a 
decbn^latihg detectiop seheme^ 

15. (Ghin-entiy Amended) Metfiod according to cloim 12. claim IS^ w herein said multiuser 
detection scheme is a itiihimuiTi nieaii-sigpiare enor detectibh schema 

16. (Currently Amended) Method according to claim 7. claim L w herein said sent signal 

f v(t)) includes aplurality of symbols (bic) each encoded with said user specific coding sequence 
(Sk(t)) and transmitted by said users (k), said method further comprisingi tho stops of 

running a multiuser detection scheme using known delays (Xk^'^) and amplitude 
attenuations (is^'^) induced bv said wireless c ommunication sigal- channel o n said sent signal 
(5<t)) and using said set of sam^jled valu^ (y(iiTs)) and for estimating the value of the symbol 
(bk) sent by each said user (k); 

17. (Original) Method acqonling to claim 16, wherein said m^ 
decorreiating detection scheme. 

18. (Currently Amended) Method according to claim I S, c l^im 16. w herein said multiuser 
detection scheme is a niiriimum mean-square error detection scheme. 

19. (Currently Amended) Method according to claim 7, c laimix.wherein said sent signal 
(y(t)) includes a plurality of traiiiing sequences (bkt) each encoded with a user specific coding 
sequence (Sk(t)) and transmitted by said users (k), said method further comprising; the steps of 

computing a set of spectral values (Y[m]) of said receiv^ signal (y(t)) feom said set of 
sampled values (y(nts)), computing a set of channel dependant values (C) from said set of 
spectral values (Y[m]) and said training sequences (bkO, 

d e coding p rocessing a second sent signal (y(t)j including aiplurality of symbols (bk) each 
encoded with said iiser specific codmg sequence (Sk(t)) and transmitted by said users (k). 
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sampling said second sent signal (y{t)) with a sampling frequency lower than the 
sampling frequency given by the Shannon theorem, but greater than the rate of innovation (p) of 
said second sent signal (y(t)), for generating a second set of sampled values (y(nTs)) 

retrieving the value of the symbol (bk) sent by each said user (k) by solving a linear 
matrix system including said second set of sampled values (y(nTs)) and said set of channel 
dependant values (G). 

20. (Cnrrently Amended) Method according to claim 7. claim L wherein said sent signal 
(y(t)) includes a plurality of symbols (bk) each encoded with said user specific cpding sequence 
(Sk(t)) and transmitted by said users (k), said user specific coding sequence (sk(t)) being chosen 
such that,- when filtered with a lowpass filter (f), it is orthogonal to any other user's specific 
coding sequence (sk(t)) used in said communication chaimel and filtered with said lowpass filter 
(f), said method further comprising: tho st e ps of 

sampling said sent signal (y(t)) with a sampling frequency lower than the sampling 
firequency given by the Shannon theorem, but greater than the rate of Miovatidn (p) df said sent 
signal (y(t)), for generating a set of sampled values (y(nTs)) 

filtering said set of sampled values (y(nTs)) with a bank of matched filters, each filter 
being matched to said user specific coding sequence (Sk(t)) filtered with^said lowpass filter (f), 
for estimating the value of the symbol (bk) sent by each said user (k). 

2 1 . (Currently Amended) Method according to claim 7. claim L w herein said wireless 
conmiunication channel comprises an array of antennas, (i). 

22. (etirrently Amended) Method according to claim 21, wherein said sent signal (y(t)) is 
the superposition of a plurality of training sequences (1:^) each encoded with a user specific 
coding sequence (sk(t)) and transmitted by said users (k), said method further comprisingi ^ 
steps of 

saiiq)ling the received signals (yi(t)) received by each antenna (i) in the antenna array 
with a sampling frequency (fs) lower than the sampling frequency given by the Shaimon theorem, 
but greater than the rate of innovation (p) of said received signals (yi(t)), for generating sets of 
sampled values (yi(nTs)), 
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computing sets of spectral values (Yi[m]) of said received signals (yi(t)) fix)m said sets of 
sampled values (yi(nTs)), 

recovering the spectral values (Sk[m]) of each of said user specific coding sequence 

(sic(t)), 

retrieving the delays (xk^), the amplitude attenuations (i^™) and the directiohs of arrival 
(0k^*^) induced by said conmiunication channel on said sent signal (y(t)) fix>m said setis of spectral 
values CYi[m]) corresponding to said received signals (yt(t)) and fix)m said spectral values 
(Sk[m]) cprresponiding to each of said usct specific coding sequence (sk(t)). 

23. (Currently Amended) Method according toxlaim 22, wherein tho step of retrieving said 
delays (Xk^^), said amplitude attenuations (ak®) and said directions of arrival (9k^^^) includes 
solving a series of two-dimensional estimation problems, the size of each said two-dimensional 
estimation problem being equal to the number of said sampled values (yi(nTs)) generated during 
one symbol dura;tion (Tb). 

24. (Original) Method according to claim 23, wherein said series of two-dimensional 
equation systems is derived from said spectral values (Yi[in]) of said received signal (yi(t)), said 
spectral values (S k[m]) of each of said user specific coding sequence (Sk(t)) and the value of flie - 
bits (bk^^) of said training sequences (bkt)« 

25. (Currently Amended) Method according to claim 24, further comprising: tho steps of 
decoding p rocessing a second sent signal (y(t)) including a pliu-ality of symbols (bk) each 

encoded with said user specific coding sequence (sk(t))and transmitted by said users (k), 

orienting the beams of said array of antennas (i) towards previously determined said 

arrival directions (0k®)> 

sampling said second senf signal (y(t)) with a sampling frequency lower than the 

sampUng frequency given by the Shannon thedreni, but greater than the rate of innovatioh (p) of 

said second sent signal (y(t)), for generating a second set of sampled values (y(nT8)). 

26. (Currently Amended) Method according to claim 25, further comprising tho otopa of 
running a 2D-RAKE detection scheme using said second set of sampled values (y(nTs)) and 
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previously computed said delays (Xk^'^) and said amplitude attenuations (ak^^^) for estimating the 
value of the symbol (bic) sent by each said user (k). 

27. (Currently Amended) Method according to claim 1, wherein said bandwidth - expanding 
wireless c ommunication channel jsHSHB hcomprises an U ltra Wideband fUWB) communicatipn 
s^^te m channel 

28. (Currently Amended) A computer-readable medium on which is recorded a control 
program for a data processor, the computer-readable medium comprising instructions for causing 
the data processor to: 

sample a signal (v(t)) sent over a wireless communication chaimel with a sampling 
fre quency (f^ lower than the sampling frequency given bv the Shaimon theorem, but greater than 
the rate of inn ovation fp) of said signal fvft)). for generating a set of sampled values (vfnTg )). 
Computer program product dirocdy looddblo into the intomnl inomory of ix digital procosoing 
system and comprising softwaro code portions for poffonniiig thb method of claim 1 when said 
product is run by said digital prooossing syst e m. 

29. (Original) Receiver for decoding a signal (y(t)) sent over a bandvridth-expanding 
communication system according to the method of clzum 1 . 

30. (Original) Receiver according to claim 29, comprising a memory for storing said spectral 
values (Sk[m]) of said signature sequences (sk(t)). 

3 1 . (Original) Set of at least two: encoders for use with a receiver according to claim 29, each 
encoder (50) of said set of encoders being assigned at least oiie training sequence (bkt) to be sent 
over a bandwidth-expanding channel during a training phase (30), wherein said at least one 
training sequence (bkt) is chosen such that it is linearly independient from any other trainiiig 
sequence (bkO assigned to any other encoder (50) of said set of encoders. 

32. (Original) Set of at least two encoders according to claim 3 1 , each said encoder (50) 
being assigned at least two said training sequences (bkt), wherein each said encoder (50) is 
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designed to select from said at least two training sequences (bkO the training sequence (bict) to be 
sent during said training phase (30). 

33. (Original) Set of at least twp encoders according to claim 31, eafeh said eiicoder (50) 
further being assigned a specific coding sequence (sk(t)) for coding a signal (x(t)) to be sent oVer 
said bandwidth-expanding chatmel, wherein siiid coding sequence (Sk(t)) is chosen such that, 
when filtered with a lowpass filter (f), it is orthogonal to any specific coding sequence (sk(t)) 
assigned to any other encoder (50) of said set of encoders filtered with said lowpass filter (£). 

34. (New) An apparatus for processing a signal (y(t)) sent over a wireless commuiiicatioh 
channel, comprising: 

a receiver configured to sample the received signal (y(t)) with a sampling frequency (fs) 
lower than the sampling frequency given by the Shannon theorem, but greater tiian the rate of 
innovation (p) of said reeieived signal (y(t)), for generating a set of sampled values (y(nTs)). 

35. (New) The apparatus of claim 34- further comprising a filter configured to filter the 
received signal (y(t)). 

36. (New) The apparatus of claim 35, wherein said filter is a lowpass filter. 

37. (New) The apparatus of claim 36, wherein, said filter is a sine filter. 

38. (New) The apparatus of claun 36, wherein said filter is a Gaussiian filter. 

39. (New) The apparatus.of claim 38, wherein said wireless commimication chamiel 
comprises a multipath fading transnodssidn channel. 

40. (New) The apparatus of claim 34, wherein said wireless conununication channel 
comprises a CDMA channel 
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41 . (New) The apparatus of claim 34, wherein said sampling frequency (I/T5) is lower than 
the chip rate (1/Tc) of said received signal (y(t)), but greater than its iufonnation rate (K/Tb). 

42. (New) The apparatus of claim 34, wherein said sent signal (y(t)) mcludes a plurality of 
training sequences (bkO each encoded with a user specific co^ng sequence (Sk(t)) and transmitted 
by said users, said apparatus ftuther comprising: 

a computing device configured to compute a set of spectral values (Y[m]) corresponding 
to said received signal (y(t)) from said set of sampled values (y(nTs)); and. 

a processing device configured to recover spectral values (Sic[m]) corresponding to each 
of said user specific coding sequence (sk(t)), and recover the delays (x^^^) and the amplitude 
attenuations (ak^^) induced by said communication channel on said sent signal (y(t)), from said 
set of spectral values (Y[m]) corresponding to said received signal (y(t)) and from said spectral 
values (Sk[m]) corresponding to each of said user specific coding sequence (sic(t)). 

43. (New) The apparatus of claim 42, wherein the processing device is fiirther configured to 
solve a series of one-dimensioiial estimation problems, the size of each said one-dimensional 
estimation problem being equal to- the niunber of said sampled values. (y(nTs)) generated during 
one symbol duration (Tb). 

44. (New) The apparatus of claim 43, wherein said series of one-dimensional equation 
systems is derived from said spectral values (Y[m]) of said received signal (y(t)), said spectral 
values (Sk[m]) of each of said user specific coding sequence (Sk(t)) and the value of the bits 
(bk^^) of said training sequences (bkt). 

45. (New) The appariatus of claim 44, wherein the recei ver is fiirther configured to process a 
second sent signal (y(t)) including a plurality of symbols (bk) each .encoded with said user 
specific coding sequence (sk(tj) and transmitted by said users (k), and sample said second sent 
signal (y(t)) with a sampling frequency lower than.the sampling frequency given by the Shannon 
theorem, but greater than the rate of innovation (p) of said second sent signal (y(t)), for 
generating a second set of sampled values (y(nTs)). 
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46. (New) The apparatus of claim 45, wherein the receiver is further configured to run a 
multiuser detection schenie using said second set of sampled values (y(nTs)) and)previously 
computed said delays (x^P) and said amplitude attenuations (ajc^^ for esti^ value of the 
symbol (bv) sent by each said user (k). 

47. (New) The apparatus of claim 46, wherein said niulti^ 
decorrelating detection scheme. 

48. (New) The apparatus of claim 46, wherein said multiuser detection spheme is a 
naijaimum mean-square error detection scheme. 

49. (New) The apparatus of claim 34, wherein sdd sent - signal (y(t)) includes a plurality of 
symbols (bk) each encoded with said user specific coding sequence (sic(t)) and transmitt^ by $aid 
users (k), and 

wherein the receiver is further configured to run using 
known delays (tiP) and ampUmde a[tteiauations (W^ induced b conainunicatidtt channel on 
said sent signal (y(t)) and using said set of sampl^ values (y(i2T^)) and for estimating the value 
of the symbol (bk) sent by each said iiser (k) . 

50. (New) The apparatus of claim 49, wherein said multiuser detection scheme is a 
decorrelating detection scheme. 

51 . (New) The apparatus of claim 49, wherein said multiuser detection scheme is a 
mijaimum mean-square error detection sch^e. 

52. (New) The apparatus of claim 34, wherein said sent signal (y(t)) includes a plurality of 
training sequences, (b^t) each encoded with a user specific coding sequence (sk(t)) and transinitted 
by said users (k), said apparatus further comprising: 

a computing device configure to compute a set of spectral vialues (Y[ra]) of said 
received signal (y(t)) fi-om said set of sampled values (y(nT5)); and 
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a processing device configured to compute a set of channel dependant values. (C) from 
said set of spectral values (Y[m]) .and said traiining sequences (bkt), 

wherein the receiver is further configured to process a second sent signal.(y(t)) including 
a plurality of symbols (bk) each encoded with said us^ specific coding sequence (Sk(t)) and 
transmitted by said users (k), sample said second sent signal (y(t)) v^ath a sampling fi:«quency 
lower than the sampling firequency givra by the Shannon theorem, but greater than the rate of 
uinovation (p) of sdd sfecbnd sent signal (y(t)), for generating a second set of sampled values 
(y(nTs)), and retrieve the value of the symbol (bk) sent by each said user (k) by solving a linear 
matrix system including said second set of sampled values ,(y(nTs)) and said set of channel 
dependant values (C). 

53. (New) The apparatus of claim 34, wherein saiid sent signal (y(t)) mcludes a plurality of 
symbols (biO each encoded with said user specific coding sequence (Sk(t)).and transmitted by said 
users (k), said user specific coding sequence (sk(t)) being chosen such that, when filtered with a 
lowpass filter (f), it is orthogonal to any other usef^s specific coding sequence (sk(t)) used in said 
communication channel and filtered with said lowpass filter (f), and wherein the receiver is 
further configured to sample said sent signal (y(t)) with a sampling fi-equeney lowier than, the 
sampling frequency given by the Shannon theorem, but greater than the rate of irmovation (p) of 
said sent signal (y(t)), for generating a set:of sampled values (y(nTs)), the apparatus further 
comprising: 

a bank of matched filters configured to filter said set of sampled values (y{nTs)), each 
filter being matched to said user specific coding sequence (sk(t)) filtered with said lowpass filter 
(f), for estimating the value of the symbol (bk) sent by each said user (k). 

54. (New) The apparatus of claim 34, wherein said communicatioii channel comprises an 
array of antennas (i). 

55. (New) The apparatus of claim 54, wherein said sent signal (><t)) is the superposition of a 
plurality of training sequences (bkO each encoded with a user specific coding sequence (sk(t)) and 
transmitted by said users (k), and wherein the receiver is further configured to sample the 
received signals (yi(t)) received by each antenna (i) in the antenna array with a sampling 
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frequency (fs) lower than the sampling frequency given by the Shannon theorem, but greater than 
the rate of innovation (p) of said reeeiyed signals (yi(t^^^^ sets of sampled values 

(yi(nTs)), the apparatus further comprising; 

a computing device configured tp compute sets of ^ectral values (Yi[m]) of said received 
signals. (yi(t)) from said sets of sairqjled values, (yi(nTs))|.a^^ 

a processing device configured to i]ecover the: spectral values (Skfm]) of each of said user 
specific codmg sequence (SkCt)), arid retrieve the delaj^ (xk^'^), the ardplitude attenuations (ajc^ 
and the directions of arrival (0^^^^) induced by said communication channel 6ri said sent signal 
(y(t)) from said sets of spectral values (Yi[m]) corresponding to said received signals (yi(t)) and 
from said spectral values (Sk[m]) corresponding to each of said xiser specific coding sequence 
(Sk(t)). 

56. (New) The apparatus of elaim 55, wherein Ae processing device is fuillier coD^^ 
solve a series of two-dimensional estimation problems, the size of each said two-dimensional 
estimation problem being equal to the number of said san^led values (yi(nTs)) generated during 
onesymbol duration (Tb). 

57. (New) The apparatus of claim $6, wherein said series of two-dimensional equation 
systems is derived fix)m said spectral values (Yi[m]) of said received signal (yi(t)), said spectral 
values (Sk[m]) of each of said user specific coding sequence.(5k(t)) and the value of the bits 
(bic*^) of said training sequences (bkO, 

58. (New) The apparatus of claim 57, wherein the receiver is further configured to process a 
second sent signal (y(t)) including a plurality of symbols (bk) each encoded with said user 
specific coding sequence (sjk(t)) and transmitted by said users 0c), orient the beams of isaid array 
of antennas (i) towards previously detenriined sdd arrival directions (Ok^'), and sample said 
second sent signal (y(t)) with a sampling firequency lower than the sampling frequency givra by 
the Shannon theorem; but greater than the rate oif innovation (p) of said second sent signal (y(t)), 
for generating a second set of sampled values (y(nTs))- 
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59. (New) The apparatus of claim 58, wherein the receiver is ftirther configured to run a 2D- 
RAKE detection scheme using said second set of sampled values (y(nTs)) and previously 
computed said delays (xk^*^) and said amplitude attenuations (ak^ for estiinatihg the value of the 
symbol (bk) sent by each said user (k). 

60. (New) The ^paratus of claim 34^ wherein said wireless conmiunication channel 
comprises an Ultra Wideband (UWB) communication channel. 

6L (New) An apparatus, for processing a signal, comprising: 

means for receiving a signal (y(t)) over a wireless communication channel; and 
means for samplmg the received signal (y(t)) with a sampling frequency (fs) lower than 
the sampling frequency given by the Shannon theorem, but greater than the rate of innovation (p) 
of said received signal (y(t)), for generating a set of sampled values (y(nTs))- 

61. (New) A mobile station for wireless communication, comprising: 
at least one antenna; and 

a receiver configured to receive r signal (y(t)) over a wireless commmiication channel via 
the at least one antenna, and sample the signal (y(t)) with a sampling frequency (fs) lower than 
the sampling frequency given by the Shannon theorem, but greater than the rate of innovation (p) 
of said received signal (y(t)), for generating a set of sainpled values (y(nTs)), 
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